and the amounts detected were small; it was more readily detectable in moderately differentiated than in poorly differentiated malignant cells. Identical results were obtained with immunofluorescence and immunoperoxidase staining, but the orcein stain failed to demonstrate the antigen in tumour cells. Cirrhosis was present in the non-tumorous liver in 70o% of the patients. Antigen was detected in cirrhotic tissue in 43%0 of the patients with cirrhosis, and in non -tumorous liver tissue in 8% of those without cirrhosis, but this difference was not significant. The antigen frequency in tumour tissue was the same in patients with and without cirrhosis. No correlation was found between the presence of liver-cell dysplasia and the presence or absence of either the antigen or cirrhosis in the non-tumorous liver tissue. Ground-glass hepatocytes were seen in non-tumorous liver tissue of 5 patients, but not in tumour tissue. While 54% of the patients with antigenaemia had demonstrable tissue antigen, 10% of patients with tissue antigen had no detectable antigenaemia.
WHILE THERE IS undoubtedly a close association between chronic hepatitis-B virus (HBV) infection and hepatocellular carcinoma (HCC), the nature of the association has not been elucidated, and there is as yet no proof that the virus causes the tumour. Antigenic markers of HBV are frequently found in the serum of patients with HCC, particularly in those parts of the world where this tumour is common (Kew, 1978) . Detection of these markers in the non-tumorous liver tissue, whether this is normal or cirrhotic, and especially in the malignant cells themselves, might provide more direct evidence for an oncogenic role of the virus. Some information in this regard is already available (Tan et al., 1977; Nayak et al., 1977; Turbitt et al., 1977; Trevisan et al., 1978 (Ray & Desmet, 1975) ; peroxidase and anti-peroxidase (Burns, 1975; Busachi et al., 1978) ; orcein staining (Shikata et al., 1974) . For control purposes, a known positive and a known negative slide were included in each batch of slides stained. The specificity of all positive staining reactions was checked, as described in previous publications (Ray et al., 1974; Busachi et al., 1978) . In each case the presence or absence of cirrhosis, liver cell dysplasia and groundglass hepatocytes was determined on sections stained with haematoxylin and eosin. Dysplastic cells were identified according to the criteria of Anthony et al. (1973) . The grading system (0-4+) was based on the estimated overall percentage of dysplastic cells in the non-tumorous liver tissue: 0: absent; +: 25%; 2+: 25-50%; 3+: 50-75%; 4+:
Serum studies. HBsAg was detected in the patients' sera by solid-phase radioimmunoassay, using Ausria II-1251 (Abbot Laboratories) (Ling & Overby, 1972) . All positive results were confirmed with the neutralizing-antibody technique described by Prince et al. (1973) .
RESULTS

HBsAg in serum
HBsAg was detected in the sera of 30 of the 44 patients (68.2%; Table I (Table II) . This was entirely due to the fact that in none of the slides did the tumour cells stain positively with orcein. Of the 18 patients with tissue HBsAg, the non-tumorous hepatocytes alone were positive in 9 (22.5% of whole group), the tumour cells alone were positive in 5 (12.5%), and both were positive in 4 (10% ; Tables I and II techniques. In a previous study from this laboratory of patients with HBsAg-related liver disease other than HCC, immunofluorescence was found to be more sensitive than orcein staining in detecting the antigen (Ray et al., 1974) . This observation was confirmed recently when Turbitt et al. (1977) found orcein staining less sensitive than the immunoperoxidase technique in detecting HBsAg in hepatocellular carcinoma and cirrhosis. However, in the study of Nayak et al. (1977) none of the specimens which failed to stain with orcein gave positive reactions with inmmunoperoxi(lase.
When patients from those parts of the world where HCC and the HBV; carrier state occur commonly have been studied, high positivity rates of HBsAg in tissue have been recorded (Hadziyannis et al., 1976; Nayak et al., 1977; Tan et al., 1977; Sumithran & Prathap, 1977) . By contrast, in Scotland, where both HCC and chronic HBs antigenaemia are infrequent, only 10% of tissues stained positively for HBsAg (Turbitt et al., 1977) . The prevalenice of tissue 1H BsAg in southern African Blacks with this tumour lies between the two extremes, which is intriguing because the prevalence of HBs antigenaemia is higher in the African patients than in most or all of the other H1CC populations studied (Kew, 1978) . The frequency with which HBsAg is detected in tissue increases with the adequacy of the sample (Nayak et al., 1977) . Both of the studies in southern African Blacks were conducted on adequate or reasonably adequate necropsy specimens. Even with a single block of tissue, Nayak et al. (1977) found a positivity rate of 750°, which is appreciably greater than the figure of 4000 in southern African Blacks. One possible explanation for this discrepancy might be inter-study differences in the prevalence of cirrhosis in the non-tumorous liver. Indeed, cirrhosis was present in 920 of the patients in whom HBsAg was found most often (94%) in the non-tumorous liver (Nayak et al., 1977) . However, the prevalence of cirrhosis in the other studies was not dissimilar. Furthermore, HBsAg has also been consistently detected in non-cirrhotic liver tissue of HCC patients. In previous studies, HBsAg has rarely been detected in tumour cells, the highest incidence reported being the 8% found by Nayak et al. (1977) in Indian patients. It seems that the southern African Black with HCC may be more likely than other patients with this tumour to have the antigen demonstrable in malignant hepatocytes (2255%). As was the case in other studies (Hadziyannis et al., 1976; Nayak et al., 1977; Turbitt et al., 1977) when HBsAg was demonstrable in malignant hepatocytes, the quantities were small. The antigen had a different distribuition in the tumour cells, occupying a perinuclear position. It was more easily detectable in moderately differentiated than in poorly differentiated tumours, confirming previous observations (Nayak et al., 1977; Trevisan et al., 1978) . This observation, together with the finding of IBsAg predominantly in the periphery of tumour nodules, suggest that virus infection of neoplastic cells may be an expression of variable metabolic environments within uniform cell clones. An alternative explanation for the peripheral distribution of the antigen is that normal hepatocytes may become enmeshed in the growing edge of the tumour, and it is these cells which take up the stain. As in previous studies, a few patients without apparent HBs antigenaemia had the antigen demonstrable in liver or tumour tissue. This finding might be explained by the antigen being present in the patient's serum in too small an amount to be detectable with present-day laboratory techniques. Alternatively, it is possible that, for some reason, H1BsAg in tissue is not released into the blood. The opposite picture (i.e. HBs antigenaemia without detectable antigen in the tissues) was more frequently seen. Examining further blocks of tissue would increase the tissue positivity rate somewhat, but negative cases would undoubtedly remain.
Again, it is possible that the antigen is present in the tissues in such small amounts that it escapes detection. However, if some patients were truly negative for the antigen, this would indicate that HBV cannot be incriminated in the aetiology of all cases of HCC.
Liver-cell dysplasia was present in most patients, both with and without cirrhosis in the non-tumorous liver tissue, lending support to the belief that this is a precancerous lesion (Anthony et al., 1973) . There was, however, no obvious correlation between the presence of dysplastic cells and the presence or absence of cirrhosis or of HBsAg in either the tissues or the serum. Only some of the dysplastic cells stained positively with immunohistochemical and orcein stains. There were fewer HBsAg-positive hepatocytes in the cirrhotic tissue than is normally found in inactive cirrhosis, and relatively small amounts of antigen in the positive cells. Ground-glass hepatocytes were infrequently seen, and then usually in cirrhotic tissue. All of these cells stained positively with the immunohistochemical and orcein techniques.
The findings in tissue studies to date suggest that HBV is capable of replicating not only in non-tumorous liver cells, but also in the HCC cells themselves. The latter conclusion is supported by an HCC growing in tissue culture which is producing HBsAg (Macnab et al., 1976) . However, these findings do not answer the key question whether the virus is the cause or the result of the tumour.
